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Abstract: Literature supports an association between work and cardiovascular disease in adults.
The objective of this study was to examine the relationship between current work status and elevated
blood pressure in Hispanic adolescents. Participants were students in Hidalgo County, located along
the Texas-Mexico border. Participants enrolled in the cohort study in ninth grade with assessments
completed once a year for up to three years. Participants completed a self-report survey, while staff
measured height, weight, waist circumference, blood pressure, and were screened for acanthosis
nigricans. A generalized linear regression model with a logit link function was constructed to assess
current work status and elevated blood pressure. Of the 508 participants, 29% had elevated blood
pressure, which was associated with being male and other chronic disease indicators (e.g., acanthosis
nigricans, overweight/obesity). The mean probability for elevated blood pressure was higher
among currently working adolescents compared to those who were not. Findings were statistically
significant (p < 0.05) at baseline. The findings illustrate that a large proportion of adolescents along
the Texas-Mexico border may have elevated blood pressure and that working may be associated with
it. Subsequent research is needed to confirm these findings, as well as to identify the mechanism for
how work may increase hypertension in adolescents.
Keywords: adolescent; hypertension; blood pressure; Hispanic; work; farmworker;
occupational health
1. Introduction
High blood pressure is among the most important risk factors for cardiovascular disease (CVD),
the leading cause of death in adults, and the fifth leading cause of death among those aged 15–24 years
in the United States [1–3]. Based on cross-sectional data from the National Health and Nutrition
Examination (NHANES) in 2013–2014, an estimated 31.6% of adults aged 18 years and older were
hypertensive, which amounted to approximately 75.1 million adults. Only about half of these adults
(53.9%) had their blood pressure under control [4], leaving them especially vulnerable to CVD and
related health problems.
Hypertension is a critical public health issue that may originate to some extent in childhood
or adolescence [1,5–8]. As an example, high blood pressure during adolescence is associated with
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persistent cardiovascular alterations that can continue into adulthood [1,7,8]. In addition, national
survey data illustrate that approximately one in ten adolescents screen positive for elevated blood
pressure across the United States. Based on NHANES data from 2011–2012, elevated blood pressure,
defined as high or borderline, was reported for 11% of those aged 8–17 years [9]. The prevalence was
higher among males (15.4%) versus females (6.8%), Hispanics (11.5%) and non-Hispanic blacks (15.3%)
versus non-Hispanic whites (9.4%), and those 13 to 17 years of age (15.0%) versus those 8–12 years
of age (6.5%) [9]. In 2017, the American Academy of Pediatrics put forth revised clinical practice
guidelines as an update to the 2004 “Fourth Report on the Diagnosis, Evaluation, and Treatment
of High Blood Pressure in Children and Adolescent” [10]. Although the new guidelines are not a
substantial departure from the prior report, applying the criteria to NHANES and other data suggests
that more children would be classified as having elevated blood pressure and that shorter children aged
13 years and younger, and children over 13 years of age of any height may have a greater likelihood
of being diagnosed as hypertensive [11,12]. Sharma and colleagues analyzed NHANES data from
1999–2014 and found that the prevalence of elevated blood pressure among children aged 5–18 years
was 11.8% under the previous guidelines versus 14.2% under the revised guidelines [12].
Along with age, race and ethnicity, it is well known that socioeconomic status, lifestyle factors,
nutrition, exercise, and body composition (e.g., excess body fat) play important roles in the occurrence
and prevention of hypertension in adults [13–15]. A growing number of studies provide evidence that
adolescents with elevated blood pressure also may be more likely to consume higher levels of sodium,
lower levels of potassium, and more dietary fat; be less physically active; have poorer sleep quality;
and be from lower socioeconomic levels [9,16–23]. However, the relationships between potential risk
factors and the magnitude of their association with elevated blood pressure have not been established
conclusively in younger populations.
Work-related factors are also consistently associated with hypertension in adults. Specific issues
associated with increased blood pressure include job insecurity, long work hours, low wages, and jobs
with poor work organization, as defined by jobs with high demands with low control or jobs that
require considerable effort with low reward [24–28]. The exact mechanisms governing how these
issues increase blood pressure is not entirely known. In adult workers, work stress may result in
repeated activation of the autonomic nervous system, which can contribute to high blood pressure
and heart disease based on studies with adult workers [29]. In addition, the time spent working
may simply decrease the amount of time available for physical activity or other healthy behaviors
(e.g., healthy diet). This may be especially true for adolescents who already contend with notable
time demands, including attending school, participating in after school activities including team
sports with considerable practice requirements, and helping with family chores and other obligations.
Finally, work stress also may increase unhealthy coping behaviors such as excessive food consumption,
consuming foods higher in sugar and saturated fat, or consuming alcohol. For example, a study found
that fast food restaurant use among adolescents was associated with student employment, television
usage, perceived barriers to healthy eating, and availability of unhealthy foods [30]. In addition,
studies on working adolescents illustrate that long work hours contribute to the early onset of alcohol
use [31–34].
The National Institute for Occupational Safety and Health (NIOSH) has recognized for over a
decade that a variety of work-related exposures and issues influence overall health and well-being.
From this perspective, whether and how work-related factors including stress, workload, and work
hours influence health conditions (such as chronic disease) is as important as ensuring a safe workplace
in a more traditional sense (e.g., minimizing physical hazards to address acute injuries). In 2011, NIOSH
put forth the Total Worker Health Program to continue elevating this issue, spur further research,
and promote workplace wellness programs [35]. In line with this holistic approach to worker health,
the objective of the present study was to begin examining the relationship between current work status
and elevated blood pressure in adolescents.
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2. Materials and Methods
2.1. Study Design
Data for the present study, a secondary analysis, were collected during a prospective cohort study
that was designed to estimate the occurrence of chronic disease indicators among students enrolled in
a Migrant Education Program (MEP) and a comparison group of non-MEP students [36]. Students
qualified for MEP if he or she migrated or had at least one parent who migrated within the prior three
years to work in agriculture or fishing as a principal means of employment. “Migrated” was defined
as moving temporarily to a different school district or administrative area within the United States [36].
All students enrolled in ninth grade and in MEP in two public high schools in Hidalgo County,
Texas (located along the Texas-Mexico border) were recruited to participate and an equal number of
students in the ninth grade who were not enrolled in MEP were randomly sampled as a comparison
group. Enrollment occurred in 2007 and 2008 with participants followed for up to an additional three
years (2008–2010). At the baseline and follow-up assessments, participants completed a survey on
demographics, health behaviors, and work characteristics. A minimum clinical examination was also
completed, which included measured height, weight, and waist circumference, a noninvasive visual
screening for acanthosis nigricans (AN) on the neck, and blood pressure. Prior to partaking in the
study, both parental and participant written consent was obtained. Data collection took place each
year from January to March to accommodate the migration schedule of MEP students. Data collection
took place in a private area in each school during approximately one class period. All interviewers
were bilingual, certified in ethical standards for research with human subjects, and retrained in study
methods each year to promote adherence to data collection protocols throughout the duration of the
study. Additional methodological details are provided by Cooper and colleagues (2016) [36].
This study was approved by the Institutional Review Boards at The University of Texas Health
Science Center at Houston (HSC-SPH-07-0284) and Texas A&M University (2010–0878). Written
informed consent from parents and written child assent was obtained prior to any data collection.
2.2. Sample
A total of 628 students (n = 297 MEP; n = 331 non-MEP) were asked to complete a baseline
assessment during the first and second year of recruitment. Of those, 508 enrolled (257 MEP and
251 non-MEP) and participated in the baseline assessment for a response proportion of 80.9%. For the
follow-up assessments, participants with a baseline assessment who were still enrolled in school
were eligible to participate. Of those, greater than 90% participated in the follow-up assessments
each year. The available sample size for each study year were as follows: baseline (n = 257 MEP,
n = 251 non-MEP), follow-up year 1 (n = 209 MEP, n = 220 non-MEP), follow-up year 2 (n = 165 MEP,
n = 181 non-MEP), and follow-up year 3, which only included participants who enrolled during the
first recruitment year (n = 65 MEP, n = 65 non-MEP). This study focused on the baseline and follow-up
years 1 and 2 only.
2.3. Variable Definitions
Variable definitions and data collection protocols included the following. Staff measured blood
pressure using an automated device, the Omron HEM-907XL (Omron Healthcare, Lake Forest, IL,
USA). This ensured measurement consistency across participants and across survey years. Staff applied
the cuff to students’ right arm with measurements taken on a single occasion. After five minutes
of quiet rest, the automated device took three successive measurements, while the participant sat
in a chair with back support, feet flat on the floor, and arm supported with the antecubital fossa at
heart level [36]. Staff recorded the first measurement, but it was not included in analysis, since these
measurements can be falsely elevated [36]. Consequently, all analyses included only the average of
the second and third measurements [36]. The definition of elevated blood pressure was at or above
the 90th percentile for age, height, and sex or ≥120/80 mm Hg [36]. Staff recorded height to the
Int. J. Environ. Res. Public Health 2019, 16, 1096 4 of 12
nearest 0.1 cm using a Shorr Board stadiometer (Shorr Productions, Olney, MD). Staff measured weight
using a portable Tanita BWB-800S digital scale that was certified to be accurate to 400 pounds each
year by a professional scale service and maintenance company (Tanita Corporation, Arlington, IL,
USA). Overweight or obese categories were based on a body mass index (BMI) at or above the 85th
percentile for age and sex, which follows the BMI-for-age- weight status categories provided by the
Centers for Disease Control and Prevention (CDC) [37]. BMI was calculated as weight in kilograms
divided by the height in meters squared. Waist circumference was measured to the nearest 0.1 cm
using a plastic tape measure that was stretch resistant. A waist circumference at or above the 75th
percentile for age, sex, and ethnicity was defined as abdominal obesity [36]. AN is a dark discoloration
and/or thickening of the skin the back of the neck that is used as an indicator of high insulin levels
or resistance. Staff used a similar approach to assess AN as those implemented in a Texas state-wide
school- screening program [36,38,39]. The basis of work status was a self-reported annual work history
of job type, dates of employment, and number of hours worked with survey items modelled after prior
studies with working youth [40,41]. The recall period began from January 1st of the year prior to data
collection with data collection occurring between January through March each year. The definition
of current work status was working for pay or not for pay. The current work status definition was
a student who reported a having a job during the same week when they participated in the survey.
The basis of items pertaining to health behaviors was the Youth Risk Behavior Surveillance System
YRBSS [42].
2.4. Data Management and Analysis
Data were managed using a Microsoft SQL relational database (Microsoft, Redmond, WA, USA).
All data were double entered into the database to minimize data entry errors, as well as computer
edited for out-of-range and contradictory values. SAS 9.4 was used for all data analysis (SAS Institute
Inc., Cary, NC, USA). Descriptive statistics included means and proportions at baseline and years of
follow-up. Appropriate statistical tests including chi-square tests, t-tests, and Fisher’s exact tests were
used to compare the distribution of variables across the two schools and by elevated blood pressure
status. Generalized linear mixed models with a logit link function and binomial distribution were
used to estimate the probability of high or high normal blood pressure at each time period by current
work status after adjusting for potential confounders, including age, gender, AN, BMI, number of days
physically active in the past 7 days, and school enrolled. Random intercepts at the individual level
were also included in these models to account for potential correlation of repeated measures from the
same student. Statistical significance was set a priori at a level of alpha <0.05.
3. Results
3.1. Participants
Table 1 presents baseline characteristics of participants stratified by school. Overall at baseline,
half of participants were male with a mean age of 15.0 years. The place of birth for the majority of
participants was the United States (92%). As previously reported in Cooper et al. (2016), a majority
of participants self-identified as Hispanic, Latino, or Mexican-American (97%) and used English to
complete the survey (79%) (data not shown) [36]. A larger proportion (62%) were enrolled in School 2
than School 1. At baseline, the distribution of demographic and other variables was similar in Schools
1 and 2 with two exceptions. School 2 had a larger percentage of participants who worked in the
previous year compared to School 1, 54% and 67%, respectively (p = 0.01). However, the prevalence
of being currently employed was not statistically different at baseline. School 2 also had a larger
percentage of participants who had elevated blood pressure compared to School 1, 33% and 23%,
respectively (p = 0.01).
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Table 1. Baseline characteristics of participants by school.
Characteristics
Total (N = 508) a School 1(N = 190)
School 2
(N = 318) p-Value
N (%) N (%) N (%)
Gender 0.36 b
Female 254 (50) 90 (47) 164 (52)
Male 254 (50) 100 (53) 154 (48)
Country of birth 0.95 b
US 461 (92) 175 (92) 286 (92)
Mexico or other 39 (8) 15 (8) 24 (8)
Years lived in US 0.19 b
<14 55 (11) 25 (13) 30 (9)
≥14 453 (89) 165 (87) 288 (91)
Work status in the prior year 0.01 b
No work 298 (59) 128 (67) 170 (54)
Any farm work 136 (27) 41 (22) 95 (30)
Non-farm work only 72 (14) 21 (11) 51 (16)
Working at the time of survey 0.15 b
No 486 (96) 185 (97) 301 (95)
Yes 22 (4) 5 (3) 17 (5)
Television (TV) time on average school day 0.27 b
None 87 (17) 28 (15) 59 (19)
1+ hours 421 (83) 162 (85) 259 (81)
Blood pressure 0.01 b
Normal 360 (71) 147 (77) 213 (67)
High or high normal 148 (29) 43 (23) 105 (33)
Acanthosis nigricans 0.83 b
No 385 (76) 143 (75) 242 (76)
Yes 123 (24) 47 (25) 76 (24)
Overweight or obese 0.07 b
No 264 (52) 89 (47) 175 (55)
Yes 244 (48) 101 (53) 143 (45)
Waist at or above 75th percentile 0.05 b
No 264 (52) 88 (47) 176 (56)
Yes 240 (48) 100 (53) 140 (44)
Experienced discrimination based on race
or ethnicity 0.08
b
Never 330 (65) 132 (70) 198 (62)
Sometimes/often 177 (35) 57 (30) 120 (38)
Depressive symptoms 0.97 b
No 403 (80) 151 (80) 252 (80)
Yes 102 (20) 38 (20) 64 (20)
Number of sports teams in previous year 0.45 b
None 250 (49) 97 (51) 153 (48)
1–2 teams 206 (41) 77 (41) 129 (41)
3+ teams 51 (10) 15 (8) 36 (11)
Days being physically active 0.43 b
None 70 (14) 32 (17) 38 (14)
1–2 days 87 (17) 32 (17) 55 (17)
3–6 days 222 (44) 77 (41) 145 (46)
7 days 127 (25) 48 (25) 79 (25)
Continuous Variables Mean (SD) Mean (SD) Mean (SD) p-Value
Age (years) 15.0 (0.8) 14.9 (0.8) 15.0 (0.8) 0.25 c
Body Mass Index (BMI) 25.8 (7.1) 26.5 (7.4) 25.4 (6.8) 0.10 c
Average waist circumference (cm) 88.5 (17.4) 90.1 (17.7) 87.5 (17.1) 0.12 c
Hours sleeping during weekdays 7.7 (1.3) 7.6 (1.4) 7.7 (1.3) 0.21 c
Hours sleeping during weekend 8.9 (2.6) 8.8 (2.7) 9.0 (2.6) 0.50 c
a Characteristics may not sum to 508 due to missing values; b chi-square test; c t-test.
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3.2. Elevated Blood Pressure
Overall, 29% of the participants had elevated blood pressure. Table 2 presents the distribution
of baseline characteristics by school and elevated blood pressure status. For School 1 and School 2,
elevated blood pressure was more common among males and those with chronic disease indicators
including AN, overweight or obesity, and abdominal obesity. Differences were statically significant
(p < 0.05). Additional statistically significant (p < 0.05) differences for School 1 included increasing
days physically active in the past seven days and for School 2, increasing participation in the number
of sports team during the past 12 months, participation in work in the previous year as well as current
employment status.
Table 2. Baseline characteristics of participants by blood pressure status.
Characteristics
School 1 School 2
Normal
(N = 147)
High or High
Normal
(N = 43)
Normal
(N = 213)
High or High
Normal
(N = 105)
N (%) N (%) p-Value N (%) N (%) p-Value
Gender 0.01 a <0.0001 a
Female 77 (52) 13 (30) 138 (65) 26 (25)
Male 70 (47) 30 (70) 75 (35) 79 (75)
Country of birth 0.80 a 0.62 a
US 135 (92) 40 (93) 193 (93) 93 (91)
Mexico or other 12 (8) 3 (7) 15 (7) 9 (9)
Years lived in US 0.86 a 0.21 a
<14 19 (13) 6 (14) 17 (8) 13 (12)
≥14 128 (87) 37 (86) 196 (92) 92 (88)
Work status in the previous year 0.44 a 0.005 a
No work 100 (68) 28 (65) 127 (60) 43 (41)
Any farm work 33 (22) 8 (19) 53 (25) 42 (40)
Non-farm work only 14 (10) 7 (16) 31 (15) 20 (19)
Working at the time of survey
No 145 (99) 40 (93) 0.08 b 206 (97) 95 (90) 0.02 a
Yes 2 (1) 3 (7) 7 (3) 10 (10)
Television (TV) time on average
school day 0.87
a 0.60 a
None 22 (15) 6 (14) 37 (17) 22 (21)
1+ hours 125 (85) 37 (86) 176 (83) 83 (79)
Acanthosis Nigricans 0.01 a 0.01 a
No 117 (80) 26 (60) 171 (80) 71 (66)
Yes 30 (20) 17 (40) 42 (20) 34 (32)
Overweight or obese 0.0004a <0.0001 a
No 79 (54) 10 (23) 134 (63) 41 (39)
Yes 68 (46) 33 (77) 79 (37) 64 (61)
Waist at or above 75th percentile 0.0007a 0.0005 a
No 78 (53) 10 (24) 132 (63) 44 (42)
Yes 68 (47) 32 (76) 79 (37) 61 (58)
Experienced discrimination based
on race or ethnicity 0.26
a 0.93 a
Never 99 (68) 33 (77) 133 (62) 65 (62)
Sometimes/often 47 (32) 10 (23) 80 (38) 40 (38)
Depressive symptoms 0.31 a 0.23 a
No 119 (82) 32 (74) 165 (78) 87 (84)
Yes 27 (18) 11 (26) 47 (22) 17 (16)
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Table 2. Cont.
Characteristics
School 1 School 2
Normal
(N = 147)
High or High
Normal
(N = 43)
Normal
(N = 213)
High or High
Normal
(N = 105)
N (%) N (%) p-Value N (%) N (%) p-Value
Number of sports teams in
previous year 0.05
a 0.03 a
None 82 (56) 15 (35) 105 (49) 48 (46)
1–2 teams 54 (37) 23 (53) 91 (43) 38 (36)
3+ teams 10 (7) 5 (12) 17 (8) 19 (18)
Days being physically active in the
past 7 days 0.02
a 0.06 a
None 27 (18) 5 (12) 27 (13) 11 (10)
1–2 days 26 (18) 6 (14) 38 (18) 17 (16)
3–6 days 64 (44) 13 (30) 104 (49) 41 (39)
7 days 29 (20) 19 (44) 43 (20) 36 (34)
Continuous Variables Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value
Age (years) 15 (0.8) 14.8 (0.7) 0.34 c 14.9 (0.8) 15.2 (0.9) 0.01 c
Body Mass Index (BMI) 25.7 (7.3) 28.9 (7.6) 0.01 c 24.4 (6.4) 27.5 (7.1) 0.0001 c
Average waist (cm) 88.3 (17.6) 96.0 (16.8) 0.01 c 85.0 (16.4) 92.7 (17.5) 0.0002 c
Hours sleeping during weekdays 7.6 (1.4) 7.3 (1.6) 0.23 c 7.8 (1.3) 7.6 (1.3) 0.38 c
Hours sleeping during weekend 9.0 (2.5) 8.2 (3.1) 0.08 c 9.1 (2.6) 8.6 (2.4) 0.07 c
a chi-square test; b Fisher’s exact test; c t-test.
3.3. Current Work Status
At each survey period, the prevalence of current work status at baseline and first and second years
of follow-up was 4.3%, 7.0%, and 6.9%, respectively. At baseline, 26 jobs were held by 22 participants.
Job types included farm work (n = 3), adult or child care (n = 7), restaurant waiter or cashier (n = 4),
lawn care (n = 3), construction (n = 2), office work (n = 2), fast food cashier or worker (n = 1), general
cashier or sales (n = 1), grocery stocker or cashier (n = 1), skilled labor (n = 1), and other (n = 1). During
the first and second years of follow-up, similar jobs were held. The most common jobs accounted for
70% of job types and included fast food cashier or worker restaurant waiter or cashier, general cashier
or sales, grocery store stocker or cashier, and yard work. On average at their current job, participants
engaging in farm work reported working 6.5 hours per day on work days (range: 2–12) and 5.8 days
per week (range: 1–7), while participants engaging in non-farm work reported working 5.3 h per day
on work days (range: 1–13) and 3.6 days per week (range: 1–7). Work intensity was similar across all
three assessment years.
3.4. Work Status and Elevated Blood Pressure
Table 3 presents the results of the statistical model constructed to estimate the association between
work status and elevated blood pressure at baseline and the first and second years of follow-up. Based
on variables associated with elevated blood pressure at the bivariate level from Table 2, the following
were included in the model as potential confounders: school, gender, age, AN, BMI, and number of
days physically active in the past seven days. The adjusted mean probability of having elevated blood
pressure at baseline among currently working adolescents was approximately twice the probability
observed for adolescents who were not currently working. The difference in adjusted mean probability
between the two groups was 27% and statistically significant (p = 0.01). Although the differences in the
adjusted mean probabilities for follow-up year 1 and follow-up year 2 were higher among adolescents
who were currently working, the differences were much smaller (4–9%) and not statistically significant
(p > 0.05).
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Table 3. Adjusted a mean probability of high or high normal blood pressure at each time point among
students who were not working and who were currently working.
Assessment Year Not Currently WorkingMean (95% CI)
Currently Working
Mean (95% CI)
Difference Mean
(p-Value)
Baseline 0.24 (0.19, 0.29) 0.51 (0.29, 0.73) 0.27 (0.01)
Follow-up Year 1 0.24 (0.20, 0.29) 0.28 (0.15, 0.47) 0.04 (0.63)
Follow-up Year 2 0.32 (0.25, 0.39) 0.41 (0.23, 0.63) 0.09 (0.35)
a Adjusted means from generalized linear mixed models with a logit link function, model covariates include: age,
gender, AN, body mass index (BMI), number of days physically active in the past seven days, school participant
enrolled, work status, year of survey, and the interaction of work status with year of survey.
4. Discussion
A large proportion (29%) of participants had elevated blood pressure in this study of Hispanic
adolescents, which was more common among males and those with chronic disease indicators
(AN, overweight or obesity, and abdominal obesity). This is consistent with prior studies characterizing
hypertension in children and adolescents [43,44]. A major strength of this study is that it is among the
first to examine the potential impact of working on blood pressure in adolescents, specifically Hispanics.
Working was a significant predictor of elevated blood pressure after adjusting for potential confounders
at baseline. In addition, despite not being statistically significant, the mean probabilities of elevated
blood pressure were higher for adolescents who were working. This association is also consistent
with studies of adult working populations [24–28]. A detailed comparison with literature focusing on
adults is difficult given differences in data collection and study variable definitions. The mechanism
of how work exposures influence blood pressure could not be examined in this study. However,
some of the participants in the study reported long work hours in addition to other demands related
to school and home responsibilities. Insufficient time for engaging in healthy and stress relieving
behaviors may be a factor. As an example, increased stress and limited time can negatively impact
sleep quality and quantity. A recent systematic review indicated evidence of a link between sleep
parameters and obesity, hypertension, and insulin sensitivity, but there were an insufficient number of
high-quality studies available for assessing causality [45]. With respect to psychosocial job exposures,
a study of Brazilian adolescent workers evaluated a connection between job demands, job control,
and social support at work on various health indicators. The researchers found associations between
psychological job demands and reduced sleep quantity during the week as well as work injury and
body pain [46]. In the present study, self-reported sleep quantity was not associated with elevated
blood pressure. The lack of association could be due to under or misreporting of sleep parameters
since the data were self-reported. Furthermore, the outcome was elevated blood pressure rather than
diagnosed hypertension. In addition, work-related as well as general stress may increase unhealthy
coping behaviors in adolescents such as excessive food consumption, consuming foods higher in sugar
and saturated fat, or consuming alcohol [30–34]. Many of these unhealthy coping mechanisms are
associated with hypertension and coronary heart disease [47,48].
Additional strengths of this study included using an existing migrant education program
infrastructure to access a hard-to-reach population [36]. Partnering closely with the school
administrators and staff allowed for maintaining contact over time with a young, Hispanic population
who are clearly at risk for chronic disease. Additional strengths included response proportions that
were over 80% at baseline and during each assessment. Over 90% of eligible participants continued to
participate in each follow-up assessment.
The key limitations of this study include a low prevalence of students currently engaged in
work. While the use of pre-existing data made it possible to examine an under-researched topic with
few resources, the low number of current workers also could have restricted the study’s statistical
power, while also prohibiting the examination of specific types of work and work-related exposures,
both physical and psychosocial. Examples of areas of interest for future studies include increased
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time demands and long work hours combined with other non-work demands on time, psychosocial
job stress, and physical job exposures. Future research is needed that addresses other populations
beyond Hispanics and that which is designed and powered specifically to examine specific work
exposures within the context of nutritional and other risk factors. Another important limitation is a
high rate of attrition due to school drop-out, relocating to another school district, and early graduation.
Approximately 25% of those in the baseline assessment were no longer eligible to participant in the
second follow-up assessment. A subsequent pilot study examined the impact of this loss to follow-up.
Blood pressure levels were higher in those who dropped out; however levels were not significantly
different when compared to those who remained in the study [36]. This loss to follow-up may have
contributed to only a minimal average difference in elevated blood pressure levels comparing those
currently working with those who were not in the follow-up assessments. Beyond the potential
impact of loss to follow-up, the reason for the lack of an association across all years is not clear.
It also could be that participants learned better skills for coping with stress and time demands as
they aged. The variables collected for this study along with the sample size were not sufficient for
examining these relationships further. The study design also did not allow diagnosis of high blood
pressure in any single year. Guidelines recommend observing elevations in blood pressure on three
separate occasions prior to making a diagnosis [10]. Finally, this study did not include an in-depth
dietary assessment, which is a limitation given the known associations between diet and elevated
blood pressure. This would be of particular concern if the working students ate a poorer diet than
non-working students.
5. Conclusions
As CVD remains the leading cause of death in adults and the fifth leading cause of death for
those aged 15–24 years old, there is a critical need for additional research and interventions to address
CVD risk factors, such as high blood pressure [1–3]. In addition, as literature supports that CVD
may originate during childhood or adolescence, it is vital to address these risk factors at this critical
period [1,5–8]. In this study, working may have increased the risk of high blood pressure in adolescents,
specifically those who are in their early high school years. Future studies based on a larger sample
of workers are needed to confirm the present study’s findings and estimate the association between
specific work-related exposures and elevated blood pressure, while accounting for nutritional and
other potential risk factors. Future research could also identify the specific mechanism of how work
status may increase hypertension in adolescents. The findings from this study provide a motivation
for subsequent research in the areas of working youth and high blood pressure.
Author Contributions: E.M.S. assisted in design of the original study and served as the project manager.
She oversaw data collection and data management for the study and assisted in the data analysis and interpretation
of findings. She was responsible for overall manuscript development. S.P.C. was the principal investigator for the
study. She was responsible for its design and overall conduct. She assisted in the interpretation of study findings
and edited the manuscript. L.J. developed the analysis plan and was responsible for executing the data analysis.
A.B.T. assisted in the literature review and overall manuscript development. J.R. assisted in the literature review,
development of the manuscript, and final manuscript review.
Funding: This paper was supported by CDC/NIOSH under Cooperative Agreement No. U50 OH07541 to the
Southwest Center for Agricultural Health, Injury Prevention, and Education at the University of Texas Health
Science Center at Tyler. Its contents are solely the responsibility of the authors and do not necessarily represent
the official views of CDC/NIOSH.
Acknowledgments: We would like to especially thank Yolanda Morado from Texas A&M AgriLife Extension for
supporting this project and her dedication toward improving the health of families along the Texas-Mexico border.
We would like to thank the students who participated and the school administrators, teachers and staff who made
this study possible, specifically Linda Taormina.
Conflicts of Interest: None of the authors have a financial or non-financial competing interest with respect to the
study and information presented in this manuscript.
Int. J. Environ. Res. Public Health 2019, 16, 1096 10 of 12
References
1. Bloetzer, C.; Bovet, P.; Joan-Carles Suris Simeoni, U.; Paradis, G.; Chiolero, A. Screening for cardiovascular
disease risk factors beginning in childhood. Public Health Rev. 2015, 36. [CrossRef]
2. Leading Causes of Death. Available online: https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm
(accessed on 25 March 2019).
3. National Center for Health Statistics. Health, United States, 2016: With Chartbook on Long-Term Trends in Health;
National Center for Health Statistics: Hyattsville, MD, USA, 2016.
4. Zhang, Y.; Moran, A.E. Trends in the prevalence, awareness, treatment, and control of hypertension among
young adults in the United States, 1999 to 2014. Hypertension 2017, 70, 736–742. [CrossRef]
5. Berenson, G.S.; Srinivasan, S.R.; Bao, W.; Newman, W.P.; Tracy, R.E.; Wattigney, W.A. Association between
multiple cardiovascular risk factors and atherosclerosis in children and young adults. N. Engl. J. Med. 1998,
338, 1650–1656. [CrossRef]
6. Berenson, G.S.; Wattigney, W.A.; Tracy, R.E.; Newman, W.P.; Srinivasan, S.R.; Webber, L.S.; Dalferes, E.R.;
Strong, J.P. Atherosclerosis of the aorta and coronary arteries and cardiovascular risk factors in persons
aged 6 to 30 years and studied at necropsy (The Bogalusa Heart Study). Am. J. Cardiol. 1992, 70, 851–858.
[CrossRef]
7. Chen, X.; Wang, Y. Tracking of blood pressure from childhood to adulthood: A systematic review and
meta-regression analysis. Circulation 2008, 117, 3171–3180. [CrossRef]
8. Lai, C.C.; Sun, D.; Cen, R.; Wang, J.; Li, S.; Fernandez-Alonso, C.; Chen, W.; Srinivasan, S.R.; Berenson, G.S.
Impact of long-term burden of excessive adiposity and elevated blood pressure from childhood on adulthood
left ventricular remodeling patterns: The Bogalusa Heart Study. J. Am. Coll. Cardiol. 2014, 64, 1580–1587.
[CrossRef]
9. Kit, B.K.; Kuklina, E.; Carroll, M.D.; Ostchega, Y.; Freedman, D.S.; Ogden, C.L. Prevalence of and trends in
dyslipidemia and blood pressure among US children and adolescents, 1999–2012. JAMA Pediatr. 2015, 169,
272–279. [CrossRef]
10. National High Blood Pressure Education Program Working Group. The fourth report on the diagnosis,
evaluation, and treatment of high blood pressure in children and adolescents. Pediatrics 2004, 114, 555–576.
[CrossRef]
11. Bell, C.S.; Samuel, J.P.; Samuels, J.A. Prevalence of hypertension in children: Applying the new American
Academy of Pediatrics Clinical Practice Guideline. Hypertension 2019, 73, 148–152. [CrossRef]
12. Sharma, A.K.; Metzger, D.L.; Rodd, C.J. Prevalence and severity of high blood pressure among children
based on the 2017 American Academy of Pediatrics Guidelines. JAMA Pediatr. 2018, 172, 557–565. [CrossRef]
13. Leng, B.; Jin, Y.; Li, G.; Chen, L.; Jin, N. Socioeconomic status and hypertension: A meta-analysis. J. Hypertens.
2015, 33, 221–229. [CrossRef]
14. Stringhini, S.; Carmeli, C.; Jokela, M.; Avendaño, M.; McCrory, C.; d’Errico, A.; Bochud, M.; Barros, H.;
Costa, G.; Chadeau-Hyam, M.; et al. Socioeconomic status, non-communicable disease risk factors, and
walking speed in older adults: Multi-cohort population based study. BMJ 2018, 360, k1046. [CrossRef]
15. Robles-Romero, J.M.; Fernández-Ozcorta, E.J.; Gavala-González, J.; Romero-Martín, M.; Gómez-Salgado, J.;
Ruiz-Frutos, C. Anthropometric measures as predictive indicators of metabolic risk in a population of “Holy
week costaleros”. Int. J. Environ. Res. Public Health 2019, 16, 207. [CrossRef]
16. Setayeshgar, S.; Ekwaru, J.P.; Maximova, K.; Majumdar, S.R.; Storey, K.E.; McGavock, J.; Veugelers, P.J.
Dietary intake and prospective changes in cardiometabolic risk factors in children and youth. Appl. Physiol.
Nutr. Metab. 2017, 42, 39–45. [CrossRef]
17. Lazarou, C.; Panagiotakos, D.B.; Matalas, A.L. Lifestyle factors are determinants of children’s blood pressure
levels: The CYKIDS study. J. Hum. Hypertens. 2009, 23, 456–463. [CrossRef]
18. Simons-Morton, D.G.; Obarzanek, E. Diet and blood pressure in children and adolescents. Pediatr. Nephrol.
1997, 11, 244–249. [CrossRef]
19. De Moraes, A.C.; Carvalho, H.B.; Siani, A.; Barba, G.; Veidebaum, T.; Tornaritis, M.; Molnar, D.; Ahrens, W.;
Wirsik, N.; De Henauw, S.; et al. Incidence of high blood pressure in children—Effects of physical activity
and sedentary behaviors: The IDEFICS study: High blood pressure, lifestyle and children. Int. J. Cardiol.
2015, 180, 165–170. [CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 1096 11 of 12
20. He, F.J.; MacGregor, G.A. Importance of salt in determining blood pressure in children: Meta-analysis of
controlled trials. Hypertension 2006, 48, 861–869. [CrossRef]
21. McGrath, J.J.; Matthews, K.A.; Brady, S.S. Individual versus neighborhood socioeconomic status and race
as predictors of adolescent ambulatory blood pressure and heart rate. Soc. Sci. Med. 2006, 63, 1442–1453.
[CrossRef]
22. Javaheri, S.; Storfer-Isser, A.; Rosen, C.L.; Redline, S. Sleep quality and elevated blood pressure in adolescents.
Circulation 2008, 118, 1034. [CrossRef]
23. Chmielewski, J.; Carmody, J.B. Dietary sodium, dietary potassium, and systolic blood pressure in US
adolescents. J. Clin. Hypertens. 2017, 19, 904–909. [CrossRef]
24. Cuffee, Y.; Ogedegbe, C.; Williams, N.J.; Ogedegbe, G.; Schoenthaler, A. Psychosocial risk factors for
hypertension: An update of the literature. Curr. Hypertens. Rep. 2014, 16, 483. [CrossRef]
25. Guimont, C.; Brisson, C.; Dagenais, G.R.; Milot, A.; Vezina, M.; Masse, B.; Moisan, J.; Laflamme, N.;
Blanchette, C. Effects of job strain on blood pressure: A prospective study of male and female white-collar
workers. Am. J. Public Health 2006, 96, 1436–1443. [CrossRef]
26. Trudel, X.; Brisson, C.; Milot, A.; Masse, B.; Vezina, M. Adverse psychosocial work factors, blood pressure
and hypertension incidence: Repeated exposure in a 5-year prospective cohort study. J. Epidemiol.
Community Health 2016, 70, 402–408. [CrossRef]
27. Trudel, X.; Brisson, C.; Milot, A.; Masse, B.; Vezina, M. Effort-reward imbalance at work and 5-year changes
in blood pressure: The mediating effect of changes in body mass index among 1400 white-collar workers.
Int. Arch. Occup. Environ. Health 2016, 89, 1229–1238. [CrossRef]
28. Mucci, N.; Giorgi, G.; De Pasquale Ceratti, S.; Fiz-Perez, J.; Mucci, F.; Arcangeli, G. Anxiety, Stress-Related
Factors, and Blood Pressure in Young Adults. Front. Psychol. 2016, 7, 1682. [CrossRef]
29. Chandola, T.; Britton, A.; Brunner, E.; Hemingway, H.; Malik, M.; Kumari, M.; Badrick, E.; Kivimaki, M.;
Marmot, M. Work stress and coronary heart disease: What are the mechanisms? Eur. Heart J. 2008, 29,
640–648. [CrossRef]
30. French, S.A.; Story, M.; Neumark-Sztainer, D.; Fulkerson, J.A.; Hannan, P. Fast food restaurant use among
adolescents: Associations with nutrient intake, food choices and behavioral and psychosocial variables.
Int. J. Obes. 2001, 25, 1823–1833. [CrossRef]
31. Liu, X.C.; Keyes, K.M.; Li, G. Work stress and alcohol consumption among adolescents: Moderation by
family and peer influences. BMC Public Health 2014, 14, 1303. [CrossRef]
32. Steinberg, L.; Fegley, S.; Dornbusch, S.M. Negative impact of part-time work on adolescent adjustment:
Evidence from a longitudinal study. Dev. Psychol. 1993, 29, 171–180. [CrossRef]
33. Brody, G.H.; Flor, D.L.; Hollett-Wright, N.; McCoy, J.K. Children’s development of alcohol use norms:
Contributions of parent and sibling norms, children’s temperaments, and parent-child discussions.
J. Fam. Psychol. 1998, 12, 209–219. [CrossRef]
34. Safron, D.J.; Schulenberg, J.E.; Bachman, J.G. Part-time work and hurried adolescence: The links among
work intensity, social activities, health behaviors, and substance use. J. Health Soc. Behav. 2001, 42, 425–449.
[CrossRef]
35. National Institute for Occupational Safety and Health. Research Compendium: The NIOSH Total Worker
Health®Program Seminal Research Papers; DHHS (NIOSH) Publication No. 2012-146; NIOSH: Washington,
DC, USA, 2012.
36. Cooper, S.P.; Shipp, E.M.; Del Junco, D.J.; Cooper, C.J.; Bautista, L.E.; Levin, J. Cardiovascular Disease Risk
Factors in Hispanic Adolescents in South Texas. South Med. J. 2016, 109, 130–136. [CrossRef] [PubMed]
37. Healthy Weight: About Child & Teen BMI. Available online: https://www.cdc.gov/healthyweight/
assessing/bmi/childrens_bmi/about_childrens_bmi.html (accessed on 25 March 2019).
38. King-Tryce, K.; Garza, L.; Ozias, J.M. Acanthosis nigricans and insulin resistance. Dis. Prev. News 2002, 62,
1–4.
39. Office UoT-PABH. The Texas Risk Assessment for Type 2 Diabetes in Children Program: A Report to the Governor and
82nd Legislature of the State of Texas; The University of Texas-Pan American Border Health Office: Edinburg,
TX, USA, 2011.
40. Cooper, S.P.; Burau, K.E.; Frankowski, R.; Shipp, E.M.; Del Junco, D.J.; Whitworth, R.E.; Sweeney, A.M.;
Macnaughton, N.; Weller, N.F.; Hanis, C.L. A cohort study of injuries in migrant farm worker families in
South Texas. Ann. Epidemiol. 2006, 16, 313–320. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2019, 16, 1096 12 of 12
41. Shipp, E.M.; Cooper, S.P.; del Junco, D.J.; Cooper, C.J.; Whitworth, R.E. Acute occupational injury among
adolescent farmworkers from South Texas. Injury Prev. 2013, 19, 264–270. [CrossRef] [PubMed]
42. Youth Risk Behavior Surveillance System (YRBSS). Available online: https://www.cdc.gov/healthyyouth/
data/yrbs/index.htm (accessed on 25 March 2019).
43. Din-Dzietham, R.; Liu, Y.; Bielo, M.V.; Shamsa, F. High blood pressure trends in children and adolescents in
national surveys, 1963 to 2002. Circulation 2007, 116, 1488–1496. [CrossRef]
44. Urrutia-Rojas, X.; Egbuchunam, C.U.; Bae, S.; Menchaca, J.; Bayona, M.; Rivers, P.A.; Singh, K.P. High blood
pressure in school children: Prevalence and risk factors. BMC Pediatr. 2006, 6, 32. [CrossRef]
45. Fobian, A.D.; Elliott, L.; Louie, T. A Systematic Review of Sleep, Hypertension, and Cardiovascular Risk in
Children and Adolescents. Curr. Hypertens. Rep. 2018, 20, 42. [CrossRef]
46. Fischer, F.M.; Oliveira, D.C.; Nagai, R.; Teixeira, L.R.; Lombardi Júnior, M.; Latorre, M.D.; Cooper, S.P. Job
control, job demands, social support at work and health among adolescent workers. Revista de Saúde Pública
2005, 39, 245–253. [CrossRef]
47. DiNicolantonio, J.J.; Lucan, S.C.; O’Keefe, J.H. The Evidence for Saturated Fat and for Sugar Related to
Coronary Heart Disease. Prog. Cardiovasc. Dis. 2016, 58, 464–472. [CrossRef] [PubMed]
48. Know Your Risk Factors for High Blood Pressure. Available online: http://www.heart.org/HEARTORG/
Conditions/HighBloodPressure/UnderstandSymptomsRisks/Know-Your-Risk-Factors-for-High-Blood-
Pressure_UCM_002052_Article.jsp#.Wk0zvVVKthE (accessed on 25 March 2019).
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
